Abstract: The present study was conducted to investigate the heavy metal contents (As, Ba, Cd, Co, Cr, Cu, Ga, Mo, Mn, Rb, Pb, Cu, Ni, V, U and Zn) in seawater samples, which were collected at two c (5 and 100 m), from 9 different sites of Azerbaijan sector of the Caspian Sea. The Agilent 7700x Series ICP-MS (inductively coupled plasma mass spectrometry) with HMI (high matrix introduction) system applied to analysis seawater. It was shown, the average concentrations of elements as Cr, Co, Cu, Mn, Pb and Zn in surface water slightly higher than their concentrations in depth water at 100 m. Practically it is not deference of the Mo, Rb and U average concentrations in surface and 100 m depth column water. There was little variation observed for nickel and vanadium. In contrast the concentrations of As, Ga and Ba in samples taken from 100 m, were significantly higher than the concentration in surface samples. Dependence concentration of elements from water columns depth can be explained in accordance with the geochemical system of classification of dissolved forms of elements in the sea water.
Introduction


The Caspian Sea is the largest lake on our planet. It is bigger than the Great American lakes and Lake Victoria in Africa by surface area. However, it is unique not only because of its size. As distinct from other lakes, the water of the Caspian Sea is not fresh, but brackish. Each liter of Caspian water contains 10-13 g of salt making this water unsuitable for drinking or irrigation. However, the comparison of the Caspian water to oceanic water shows that it contains three times less salt than that of the World Ocean. Physically, the Caspian Sea is one of extremes. Its salinity varies greatly. Morphologically, the Sea is divided into three parts, the northern shallow part (average depth 6 m), the middle section with an average depth of 190 m (maximum depth 788 m), and the southern Caspian with a maximum depth of 1,025 m. The Caspian Sea occupies a deep depression on the boundary between Asia and Europe with a water level at present 27 m below sea level. It is approximately 1,200 km long with a maximum breadth of 466 km, contains 79,000 km 3 of water, and has a total coastline of more than 7,000 km. The Caspian is fed by five major rivers or river groups: in the north the Volga (80% of total inflow) and the Ural (5%); in the west the Terek, Sulak, Samur (4-5%) and the Kura (7-8%); and, in the south, the short mountain rivers from the Iranian Alborz range (4-5%). Azerbaijan has more than 800 km of coastline along the Caspian Sea and almost the entire country is part of the Sea's catchment area. The littoral states of the Caspian Sea are the Republic of Azerbaijan, the Islamic Republic of Iran, the Republic of Kazakhstan, the Russian Federation and Turkmenistan [1] [2] [3] . Environmental problems of the Caspian Sea are multiple and various in their origin. On one hand, they are caused by the commercial use of the sea; on the other hand, human activity impacts coastal areas, including input from rivers in the Caspian. As the Caspian is an inland water body, anthropogenic (man-caused) impacts on catchment area (about 3.5 million km 2 ) accumulate here. The main sources of pollution to the Caspian Sea have generally been considered to be offshore oil production and land-based sources, notably the Volga River. The presence of oil in the Caspian Sea region has been known since ancient times and the oil reserves were amongst the first to be exploited in the world. Baku was a centre for oil production at the turn of the 20th century and developed further development during the era of the Soviet Union. Exploration and exploitation, especially of offshore reserves, have blossomed since the break-up of the Soviet Union. Public opinion polls in the region have highlighted concerns about the oil and gas industry as a source of pollution to the environment of the Caspian Sea. Oil production areas cover vast areas of the coastal zone, particularly along the south coast of the Apsheron peninsula in Azerbaijan. Population growth and industrial development in the Caspian region have generated an immense pollution problem. Ten million people live adjacent to the Caspian Sea and 60 million more live in the Volga River watershed. The World Bank estimates that one million cubic meters of untreated industrial wastewater is discharged into the Caspian annually. Soviet oil extraction left behind polluted soil and water, rusty equipment, and well fires that burned for years. Meanwhile, the five countries surrounding the sea are rushing to exploit still untapped oil deposits. Since the Caspian is an enclosed body of water, it has limited carrying capacity compared to larger and more open bodies of water. Pollution entering to the Caspian is either biogeochemically altered, or remains in the Sea for years; none escapes and dilution is limited from external buffering waters. In the former Soviet Union, water and sediment quality measurements were taken on a regular basis and with good coverage. In Azerbaijan, the situation reported to be changing, and the number of monitoring surveys has increased. Within the current situation, over the same period the flux of pollutants into the Caspian has changed, with a drastic reduction in industrial and agricultural activity in Turkmenistan, Kazakhstan, the Russian Federation and Azerbaijan [4] [5] [6] .
The present study was conducted to investigate the heavy metal contents (As, Ba, Cd, Co, Cr, Cu, Ga, Mo, Mn, Rb, Pb, Cu, Ni, V, U and Zn) of seawater the Caspian sea were collected from 9 different sites in Azerbaijan region as shown in Table 1 .
It is known the analysis of ultra trace elements in sea water samples is one of the most difficult analytical tasks in the field of environmental monitoring, as extremely low detection limits for elements buried in a highly saline matrix is required. The use of ICP-MS (inductively coupled plasma mass spectrometry) for direct sea water analysis is currently limited by spectral and non-spectral interferences caused by the sea water matrix. Although the technique of ICP-MS is very powerful by virtue of its sensitivity and selectivity, one of the operational limitations is that of the total amount of dissolved ArCl solids which may be introduced into the system. This limitation comes about in part because samples may deposit condensate on the sampler cones over a prolonged analytical run causing signal changes and hence degrading the signal stability. The effect of such higher levels of dissolved salts may also be to cause polyatomic interferences on key target analyte elements. Table 2 indicates the extent of these interfering ion species.
One particular example of this effect is in the determination of trace elements in heavier environmental samples such as seawater and borehole waters. In particular, the effects of oxide/hydroxide adduct ions of alkali and alkaline earth elements, common constituents in such natural samples, can effectively mask the determinations of most transition elements [7] [8] [9] [10] [11] . Pre-concentration techniques such as solvent extraction, ion exchange and carrier precipitation have been extensively studied with reference to sea water analysis [12, 13] .
To avoid this problems the Agilent 7700x Series ICP-MS applied to analysis seawater. The Agilent 7700x ICP-MS combines the simplicity of a single collision cell mode (helium mode) for polyatomic interference removal with the superior matrix tolerance of its unique HMI (high matrix introduction) system. In order to reduce salt deposition in the nebulizer the humidifier is used. The humidifier humidifies the carrier gas and reduces salt deposition in the nebulizer. Third generation ORS3 (octopole reaction system) cell technology provides higher sensitivity and more effective interference removal than ever before in complex, high matrix samples, eliminating the need for reactive cell gases in routine analysis. Helium mode on the ORS3 is so effective that interference correction equations can also be eliminated. These two factors redefine ease of use in ICP-MS, removing two of the most common causes of errors in multi-element analysis of complex samples.
Materials and Methods
Water samples, collected from surface and bottom seawater layer with a 12-liter PVC Niskin sampler equipped with a Teflon-coated spring, suspended from stainless steel hydro wire and allowed to flush for 5 min before closing, in acid cleaned polythene containers, packed and transported in ice-box for analysis. Surface samples were collected from all sites a depth not exceeding 5 m, whereas bottom samples were collected from 9 sites a depth 100 m.
All plastic-ware, sample bottles, pipette tips, Table 3 .
Results and Discussion
Certified Reference Seawater Probe CASS-5 of the Institute for Environmental Chemistry, Canada, were included to analysis directly after a simple 1+2 dilution with 1% nitric acid, as quality control samples to ensure the accuracy of the results. The percentage recovery of Vanadium 107.1%, Chromium was 107.5%, Manganese was 100.3%, Cobalt was 94.3%, Nickel was 97.6% , Copper was 95.7%, Zinc was 101.9%, Arsenic was 109.1%, Molybdenum was 104.5% and Uranium was 96.9%. The result of analysis indicated good recoveries of all determined metals with exception only Lead. After three time dilution, the observed concentration for lead was less than MDL (method detection limit), therefore it was not possible to measure exact concentration for this element.
The values and ranges of element concentrations in the water samples taken from the surface 5 m depth are presented in Table 4 Table 5 The concentrations of the analyzed elements in surface water (from 5 m depth). (Table 6 ).
The average concentrations of elements as Co, Cr, Cu, Mn, Zn and Pb in surface water slightly higher than their concentrations in depth water at 100 m. There was little variation in Nickel concentrations, with average concentration of 0.911 ug/L in surface water and 0.929 ug/L at 100 m. Comparatively higher vanadium average concentration was found in the samples taken at 100 m with than those concentration surface samples. In contrast the concentrations of As, Ga and Ba in samples taken from 100 m, were significantly higher than the concentration in surface samples. Practically it is not deference of the Mo, Rb and U average concentrations in surface and 100 m depth column water.
In Table 7 , are compared the mean concentraions of microelements in Caspian Sea (in 100 m depth) with they mean concentration in the World Ocean.
As can be seen from Table 7 the difference of mean concentrations of As, Ba, Cr,Cu and Mn in Caspian Sea water from those concentrations in World Ocean are insignificantly. The level concentrations of Ga, Mo, Pb and U in Caspian Sea water higher than those levels in World Ocean Sea water. In contrast the concentrations of Ni, V, Co and Rb water are lower in Caspian Sea relative to those in the oceanic water. In the view that are still not possible to explain the differences the distribution of element concentrations observed in the waters of the Caspian Sea and the World Ocean precious. For this, it is necessary to conduct large-scale surveys doubt in the littoral states of the Caspian Sea.
The aurhors understand that the comparison of concentration determined metals, reported for Caspian Sea by different papers are difficult because of different methods for sampling, sample preparation and determination were used.
In accordance with the geochemical system of classification of dissolved forms of elements in the sea water [14, 15] , the microelements in Tables 5 and 6 are subdivded into conservative (Mo, Rb and U), biogenic (V, Cr, Ni, Zn, Ga, As and Ba) and lithogenic (Mn, Co, Cu and Pb). Table 6 The concentrations of the analyzed elements in Caspian seawater column depth 100 m. Table 7 Comparision of the mean concentraions of microelements in Caspian Sea (in 100 m depth) with they mean concentration in the World Ocean. Conservative-type trace metals interact only weakly with particles, and have concentrations that maintain a relatively constant (in space and time) ratio to salinity. Trace metals with conservative-type distributions in seawater such as Molybdenum, Rubidium and Uranium are involved in the major biogeochemical cycles of particle formation and destruction, but this is negligible relative to their concentration in seawater.
Trace metals with biogenic-type distributions are significantly involved with the internal cycles of biologically derived particulate material. Their distributions are dominated by the internal cycle of assimilation by plankton in surface waters and the export production or transport of part of this material out of the surface layer followed by oxidation and remineralization of the bulk of this material in deeper waters. Consequently, their concentrations are lowest in surface waters where they are assimilated by phytoplankton and/or adsorbed by biogenic particles, and increase in the subsurface waters as sinking particles undergo decomposition or dissolution.
Trace metals with lithogenic-type distributions have strong interactions with particles. Their concentrations tend to be maximal near major sources such as rivers, atmospheric dust, bottom sediments, and hydrothermal vents. Concentrations decrease with distance from the sources and, in general, the concentrations of the scavenged metals tend to decrease along the flow path of deep water due to continual particle scavenging [16, 17] .
Conclusions
This research study was attempt, which covered near Baku Gulf surveyed areas of Caspian Sea. The Agilent 7700x ICP-MS combines the simplicity of a single collision cell mode (helium mode) for polyatomic interference removal with the superior matrix tolerance of its unique HMI system. Third generation ORS3 cell technology provides higher sensitivity and more effective interference removal than ever before in complex, high matrix samples, eliminating the need for reactive cell gases in routine analysis. These two factors redefine ease of use in ICP-MS direct determination of those trace metals in sea water samples. Certified Reference Seawater Probe CASS-5 of the Institute for Environmental Chemistry, Canada, were included in analysis directly after a simple 1+2 dilution with 1% nitric acid, as quality control samples to ensure the accuracy of the results.
